Background/Aims: Recent developments in radiological technology allowed acquisition of
3-dimensional (3D)
;
INTRODUCTION
Imaging contributes to precise detection of tumor extent in hepatobiliary malignancies.
Helical and multi-detector-row computed tomography (MDCT) and magnetic resonance image cholangiography (MRC) have been recently applied to diagnosis of hepatobiliary 55 malignancies (1, 2) . These imaging modalities can provide useful information regarding tumor infiltration and adjacent main hepatic vasculature. This information is necessary to have before surgery in order to achieve curative hepatectomy. With respect to cholangiography, however, direct cholangiography by percutaneous transhepatic cholangiography (PTC) and endoscopic retrograde cholangiography (ERC) is still a useful 60 diagnostic tool for precise understanding of tumor infiltration, and its diagnostic accuracy is probably superior to that of MDCT and MRC at present (3, 4) However, conventional direct cholangiography has certain disadvantages, such as high exposure to radiation due to the need to take several views from various directions, administration of contrast media, and the long time that is required for examination. Furthermore, it is still difficult to compare angiographic tool that can deliver effective 3D information during interventional radiology. C-arm CT has been recently applied in various diseases including liver diseases (11, 12) . The application and usefulness of C-arm CT in 7 patients with biliary malignancies was recently reported (13) .
However, even with this new procedure it is still difficult to understand the spatial 80 relationships between blood vessels and bile ducts. Therefore, it is necessary to obtain fusion images for each separate tumor image, as it is difficult to obtain CT-angiography and cholangiography simultaneously. To our knowledge, 3D-fusion imaging of angiography and cholangiography has not yet been extensively reported (11) (12) (13) (14) .
In the present study, 3D-fusion images between CT angiography and cholangiography 85 were acquired with DIC-CT or C-arm CT in 39 patients with hepatobiliary malignancies who underwent surgical resection. The aim of this study was to apply this imaging procedure to preoperative simulation prior to hepatectomy. (15) . The study design was approved by the Ethics Review Board of NUH and 100 a signed consent form was obtained from each patient prior to participation in the study. Data was retrieved from patient charts in the NUH database for the duration of the initial hospitalization following hepatectomy.
Serial transverse scans with 0.5-mm thickness and 0.4-mm intervals were taken from 64-row multi-detector CT (Aquilion TM 64; Toshiba Medical Systems Co., Tokyo, Japan) and 105 the resulting images were stored. Using workstation software (Ziostation System 1000, version 1.31; Ziosoft Inc., Tokyo, Japan), actual areas without tumors and large vessels in the liver area were traced and measured. As contrast medium, either 100 ml of iopamidol (Oypalomin 370; Fuji-Pharma, Tokyo, Japan) for patients less than 60 kg or 135 ml of iomeprol (Iomeron 350; Eizai, Tokyo, Japan) for patients over 60 kg was intravenously 110 administrated via a bolus tracking-injection in an antecubital vein at a flow rate of 4 ml/s. The
Hounsfield unit (HU) was set at 220 at the intraabdominal aorta. Under breath-hold, the arterial phase image was taken 5 s after injection, the portal phase image was taken at 20 s, and hepatic vein could be demonstrated by the workstation software (Fig. 1D ). (Fig. 1F) . Another option for exposing direct cholangiography, MDCT, was applied.
During scanning the conventional MDCT, direct cholangiography was taken for 1 min was taken between the hepatic venous phase and the equilibrium phase. The Hounsfield unit (HU) 135 limit was set at 600.
RESULTS
The demographics of patients with intrahepatic malignant tumors with or without biliary infiltration who underwent preoperative 3D biliary and vascular imaging are shown in Table   140 1. All ICC located adjacent to the hilar bile duct and had involvements with bile duct. One HCC patient (Case 6) was preoperatively diagnosed with ICC with biliary involvement, which was a bile duct tumor thrombus by pathological findings. One metastatic liver carcinoma patient (Case 17) had invasion of a hilar bile duct and the portal vein. However, these invasions were not preoperatively diagnosed as biliary compression. The mean tumor 145 size was 47 mm and ranged from 23-78 mm. Biliary stenosis or obstruction was observed in 11 patients (65%) and vascular invasion (almost to the portal vein) was observed in 8 patients.
Preoperative biliary drainage was undertaken in only 6 patients with ICC diagnosed preoperatively. In 5 of these 6 patients, direct cholangiography applying FD-CT or MDCT and its fusion image with the hepatic vasculature was performed. Otherwise, the fusion image Furthermore, the aberrant caudate lobe branched from the right hepatic duct (Fig. 4C ). This caudate branch was not diagnosed preoperatively, and transected biliary leakage from the left remnant caudate lobe occurred after the right hepatectomy (Fig. 4D ). An operation was 165 undertaken in order to fix the leakage 8 months after the hepatectomy.
The post-treatment outcomes are shown in Table 2 The post-treatment outcomes in patients with biliary tract carcinomas are shown in Table   4 . Two HBDC patients did not undergo surgical resection due to poor liver function and liver metastasis. In those cases, FD-CT cholangiography was useful for placement of multiple stents in these patients (as well as for the ICC patients described above). In 2 patients, extended cancer infiltration was observed with the intra-operative histological examination, MRI also provides useful information for diagnosis of hepatobiliary malignancies (22).
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However, the spatial resolution of the activity is lower than of CT at our institute at this stage.
In the case of combination with biliary information, fusion imaging may be difficult. Based on preoperative imaging information, understanding the anatomy was again confirmed by intraoperative ultrasound with the bubble contrast media (23, 24). In this way, the estimated hepatectomy was performed with more confidence. Preoperative 3D imaging information can 220 be immediately confirmed with a personal computer during an operation, which can help to create a further sense of security and understanding.
Fusion between tumors and the biliary tract and vessels must be carefully reconstructed by the radiological technicians (RT) using a special workstation. In our institute, that C-arm CT has been applied in liver diseases, and that small tumor lesions could be observed by this modality (12, 26). Operation of the C-arm CT system is relatively complicated, and the system is still relatively expensive.
In cases where the tumor was close to the main vessels (Cases 5, 7 and 15), reconstruction of vessels or combined resection must be considered for radical resection (14) . 245 In such cases, the distance and direction of tumor compression can be better estimated by 3D-fusion images than by single or 2D images (14, 16, 17, 25) . If the spatial relationship between a hepatic tumor and vessels is visualized, adequate hepatectomy could be easily achieved and better surgical outcomes could result (27) . In the case of a tumor closed or compressed vessel, however, it is still difficult to define the real tumor involvement, even 250 with 3D imaging at this point in time. More experience regarding 3D X-ray findings of tumor invasion is necessary by a prospective study in a larger number of patients to further this aim.
3D imaging is also useful to find pitfalls during operations. In Case 16 of the present study, atypical anatomy of the intrahepatic vessels was present which lead to a uncontrolled bile leak. An aberrant bile duct in the caudate lobe of the liver was not detected, although 255 upon further review the preoperative image clearly showed the anomaly. Right side umbilical portal vein is rare, and can include an atypical bile duct (28) (29) (30) (31) . Aberrant bile ducts in the caudate lobe are quite rare (32) . When 3D cholangiography is diagnosed, it should be necessary to carefully observe such an aberrant vessels in the estimated remnant liver. images. In the present study, however, 3D images did not provide more useful information regarding diagnosing the extent of tumor invasion than by conventional 2D cholangiography.
Moreover, in the present series, two cases showed more invasion in the bile duct wall (except for superficial extension) than preoperative diagnosis of 3D images (37). Further study to examine the relationship between findings of 3D imaging and the real extent of hilar bile duct 285 carcinomas is necessary in a larger number of subjects.
In conclusion, creation of 3D-fusion images from vascular images created by MDCT and cholangiography using FD-CT, simultaneous direct cholangiography, or DIC-CT is a newly developed tool that can provide useful information regarding the status of the extent of tumor invasion and main vessels in the liver. Furthermore, examination time and radiation 290 exposure are markedly reduced by the high speed and high resolution of the recently advanced CT imaging apparatus compared to standard 2D imaging. Therefore, preoperative simulation using this imaging modality can be potentially used on a large scale in order to provide supporting data in patients who undergo resection or other treatments, and may help to improve curability and surgical safety. 
